T he search for evidence that might reveal the influence of osteoporosis on the development of periodontal disease has gone on since the middle of the 1960s in several parts of the world. 1 This topic has attained prominence within the sphere of worldwide public health because of the social costs and impact caused by bone fractures and tooth losses, respectively, and because of its proximity to aging. 2 Osteoporosis is a multifactorial chronic disease and an important social and clinical problem that disables or incapacitates. Data on its prevalence are scarce and discontinuous. Some surveys estimated that it occurs in 15% to 20% of Brazilian women >50 years of age. 3, 4 It is characterized by a reduction in bone mineral density to below the minimum level required to ensure sufficient mechanical support, with consequent manifestations of pain, deformity, or fracture. It is also characterized by degeneration of the bone microarchitecture, which thus increases the fragility and risk of fracture. 5 It was estimated that one in four women during menopause and one in three women >65 years of age are affected by osteoporosis. 6 Around 10 million Brazilians have osteoporosis; 2.4 million of them suffer some type of fracture every year, and 200,000 of these 2.4 million people will die because of factors that result directly from such fractures by the year 2050. 7 With regard to periodontal disease, it has been shown that its worldwide prevalence is 10% to 15%, although it may reach 80% in certain regions. 8 Periodontal disease is considered to be the greatest cause of tooth loss and edentulism among adults, and it is more frequently observed in groups of older age individuals than in younger groups. Plaque development is greater and gingivitis is more severe in older individuals. 8 Postmenopausal women with osteoporosis and periodontitis are also susceptible to an excessive response to dental plaque, as shown by greater bleeding on probing (BOP), dentoalveolar bone loss, and diminished alveolar bone mineral density. 9 The multifactorial nature of periodontal disease means that certain systemic conditions (with osteoporosis among them) act as additional predisposing factors. Moreover, it was suggested that the systemic factors responsible for osteoporosis may interact with local factors to increase the pattern of alveolar bone loss. 10 The association between osteoporosis (i.e., exposure) and periodontal disease (i.e., outcome) thus arises as a problem for investigation with regard to planning public policies because of the inevitable growth in demands on the health care system that this association entails, along with the inherent social and individual costs. Some studies [11] [12] [13] showed a lack of association between osteoporosis and periodontal disease, whereas other studies 10,14-17 revealed a significant association. The relationship between these diseases, along with the interfaces with other interfering variables, remains uncertain. Hence, population-based studies are necessary to achieve a better definition of the factors involved in this association and to plan prevention and control measures for these two diseases that have a great impact on health.
The controversy that exists regarding this topic may come from questions related to the methods used in studies, for example, the type of study, sample size calculation, data-analysis procedure, and exposure and outcome measurements (OMs). Although defined criteria for classifying the bone mineral density condition of individuals exist in relation to osteoporosis, 5 regarding periodontal disease, a diversity of diagnostic methods for defining the presence of periodontitis exists. However, for studies on associations between pairs of diseases, it is an essential condition that the exposure measurement and the OM need to be robust to avoid the inclusion of false-positive individuals in the sample, which would change the final association measurement.
Along these lines, the present study aims to contribute toward the field of knowledge relating to the association between osteoporosis and periodontal disease by comparing different OMs (i.e., criteria for diag-nosing periodontal disease) because osteoporosis might be an important factor in the progression of this oral infection.
MATERIALS AND METHODS

Sample
The present study used the database from a casecontrol investigation 15 that estimated the association between osteoporosis and periodontal disease among 139 postmenopausal women. The estimated sample size for the present study was calculated using software ¶ with a 95% confidence interval and power of 80%. There were two controls for each case, in conformity with the parameters established for the prevalence of osteoporosis: 17% among the controls and 39% among the cases. 18 Postmenopausal women ( ‡50 years of age) who attended the Assistance and Research Center to Human Reproduction, Feira de Santana, BA, Brazil, for bone densitometry testing, were approached and invited to participate in the study. Those women who showed an interest in this invitation were referred to the Dental Clinic of Feira de Santana State University (UEFS) after making prior appointments for evaluation of their oral condition. All participants received further information about the study protocol and objectives at the dental clinic. If they agreed to participate in the study, they signed an informed consent statement that authorized their inclusion in the study. Dental treatment was also provided on the basis of need.
Among the 174 women who sought an evaluation of their oral condition between June and November 2006, 35 women were excluded from the sample for this study because they presented diabetes (n = 12); edentulism (n = 7); or fewer than four teeth (n = 5); reached menopause <1 year earlier (n = 10); or did not agree to participate (n = 1). Thus, the final sample consisted of 139 women who fulfilled the following eligibility criteria: were ‡50 years of age; had a densitometry report issued <6 months earlier; had a postmenopausal status for ‡1 year; had ‡4 teeth; were absent of systemic disease that might interfere with the inflammatory response, immune system, or bone metabolism, such as diabetes or kidney failure; or had a presence of bone lesions (tumors or osteomyelitis) in the dental arches. Thus, the case group (n = 48) was composed of postmenopausal women with periodontal disease, whereas the control group (n = 91) was composed of postmenopausal women without periodontal disease, although the proportions achieved did not exactly match the planned ratio (2:1) because of occurrences of losses over the course of the data gathering.
The study was approved by the Ethics Committee of the Science Development Foundation of Bahia, Salvador, BA, Brazil (protocol 047/2005).
Data Gathering Procedures
The women who agreed to participate in the study answered a questionnaire to obtain data relating to sociodemographic, biologic, and lifestyle factors such as: age, skin color, income, education level, physical activity practice, smoking habit, alcohol consumption, age at menopause, medical history, medications used, and oral habits. The women underwent a clinical dental examination and were sent to have panoramic radiographs produced for complementary evaluation of their oral condition. The panoramic radiograph was produced for all participants by using standardized techniques and processing at the same radiology service in the UEFS.
The densitometric reports on the participants were obtained, and certain information was extracted from them: weight, height, bone mineral density (in grams per square centimeters), and t score. Weights and heights were used to calculate the body mass index. Any diagnoses of osteoporosis were then recorded.
All clinical measurements of the groups that were defined were obtained by a single examiner (JdSP) who, at the time of the examination, was unaware of the bone mineral density of the women under evaluation. The reproducibility and concordance of the clinical measurements were calculated by means of the within-examiner k index for probing depth (PD) (0.6017) and recession/hyperplasia (0.6863) and between-examiner k index for PD (0.6080) and recession/hyperplasia (0.6671).
PD procedures were performed and recorded at six sites for each tooth as described by Pihlstrom et al. 19 These consisted of four proximal measurements (mesio-vestibular, mesio-lingual, disto-vestibular, and disto-lingual), one measurement in the mid-vestibular region, and one measurement in the mid-lingual region. Measurements were made, using a probe # that was graduated in millimeters, of the distance from the gingival margin to the most apical extent of penetration of the probe. In addition, measurements of gingival recession/hyperplasia and clinical attachment loss (AL) were obtained at the mentioned sites using the same probe graduated in millimeters that was used to determine PD.
Gingival recession was defined as present when the gingival margin was located apically to the cementoenamel junction, and in such cases, the distance in millimeters from the gingival margin to the cementoenamel junction was taken to be positive. Hyperplasia was defined as present when the gingival margin was located coronally to the cemento-enamel junction, and in such cases, the distance in millimeters from the gingival margin to the cemento-enamel junction was taken to be negative. The clinical attachment measurement was taken to be the sum of the PD and the measurements of gingival recession or hyperplasia. In addition, BOP was determined as the rate observed at the six sites mentioned (i.e., whether bleeding occurred within 10 seconds after removing the probe from the pocket or sulcus).
Classification of Periodontal Disease
Each participant was classified according to the diagnosis of periodontitis. The frequency of periodontal disease was obtained using five diagnostic criteria presented in studies 13, 15, [20] [21] [22] that investigated the association between osteoporosis and periodontal disease. Thus, five OMs were defined, as described in Table 1 .
At the end of the data-gathering process, with all information and clinical-radiograph data at hand, the case and control groups were determined.
Data Analysis Procedures
For the data analyses, the cases of periodontal disease were distributed according to each OM. First, OM5 was taken to be the gold standard because it was the most comprehensive measurement. OM5 was observed using panoramic radiographs and a ruler graduated in millimeters with an expansion of 25%. Thus, OM5 was used to make comparisons with the other measurements using the diagnostic values of sensitivity, specificity, positive-predictive value, and negative value.
Through stratified analyses, the existence of potential confounders and effect modifiers was investigated in relation to the following covariables: age, age at menarche, age at menopause, type of menopause, duration of menopause, skin color, family income, marital status, conjugal situation, parity, education level, physical activity practice, alcohol consumption, smoking habit, osteoporosis treatment, family history of osteoporosis, number of people living in the home, arterial hypertension, heart disease, coffee consumption, milk consumption, last visit to a dentist, use of dental floss, periodic consultations with a dentist, tooth loss because of caries, periodontal disease, and trauma.
Multivariate analyses were also performed to evaluate the statistical significance by means of unconditional logistic regression using backward procedures with a 95% confidence interval. Possible effect modifiers were evaluated by means of the maximum-likelihood ratio test. To analyze confounding factors, the association measurements estimated from the complete and partial models were compared. Covariables that produced proportional differences in the # Hu-Friedy PQW6, Hu-Friedy, Chicago, IL.
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estimated odds ratios >20% were considered to be confounders. Data analyses were performed using a statistical software program.** Table 2 shows selected general characteristics taken from the whole database to demonstrate the nature of the study sample. Among other features, Table 2 shows that just over one-half of the study group consisted of women aged £58 years and that menopause occurred at ages £48 years in more than one-half. Likewise, it was also seen that women who were not living with a partner, had £5 children, and lived with £3 people in the same home. Furthermore, it was observed that the majority of women had a family income ‡1 minimum monthly salary, had a middle or secondary school education level £4 years, were non-smokers, were not alcohol consumers, did not practice physical exercise, had a body mass index £30 kg/cm 2 , and did not consult a dentist regularly. The mean number of teeth present in the sample was 14. Regarding the periodontal condition, it was observed that the prevalence of periodontal disease ranged from 24.5% to 98.6% according to the diagnostic measurement used. This is presented in Table 3 , which shows that the highest frequency was obtained with OM2, whereas the lowest frequency was obtained with OM3. By taking OM5 to be the gold standard, OM2 was the method with the greatest sensitivity, followed by OM4, OM1, and OM3, respectively. In other words, for every 100 individuals who were detected as having periodontitis by using the OM5 standard, OM2 was able to positively identify all of the individuals, whereas OM3 was capable of identifying only around 25. Conversely, OM2 showed the lowest specificity and OM4 showed the highest specificity. Thus, there was a decrease in specificity from OM4 to OM2, which is the same as saying that there was a decrease in the capacity of the diagnostic criteria to identify individuals without periodontitis, i.e., of 100 individuals detected as not presenting periodontitis using the gold standard criteria (OM5), OM4 was able to identify 99 individuals as negative. Likewise, there was also a decrease in the positive predictive value for the same measurements, i.e., a decrease in the likelihood of correctly identifying individuals with periodontitis using the OMs tested in relation to the gold standard, respectively, and a consequent increase in false positive results. With regard to the likelihood that an individual was disease free, with a negative result from the diagnostic criterion (negative-predictive value), it was observed that, in a general manner, the proportion of false-negative results ranged from 0% for OM2 to 18% for OM3. Table 4 presents the association measurements between osteoporosis and periodontal disease, with adjustment for age and smoking, and the distribution of periodontal disease between case and control subjects. The strength of the association varied significantly depending on OM. This variation had a range from 1.87 to 3.75, and there were also statistically significant variations in the association found according to the measurement used. OM2 did not generate an association measurement value because periodontal disease was practically common to all of the women, i.e., it did not discriminate regarding the disease (98.6% of the sample had periodontal disease, and 1.4% did not.). Thus, when diagnostic criteria were stricter, there were fewer occurrences of the disease in both groups, and consequently, the association measurement was more precise, as represented by confidence intervals.
RESULTS
Age and smoking habit were considered to be confounders from a theoretical point of view because they are classically recognized as factors associated with osteoporosis and periodontal disease. Adjustment for these factors resulted in a slight increase in the association measurements. Possible effect modifiers were evaluated, and education level was identified as an interaction factor for OM4 and OM5. After stratification, it was observed that, for both measurements, there was an association between osteoporosis and periodontal disease and for a level of education of £4 years of study, which presented statistical significance.
DISCUSSION
The findings from the present study indicate that the strength of the association between osteoporosis and periodontal disease varied according to the type of OM used, and the statistical significance also varied. The different measurements influenced the magnitude of the association and may also have influenced the frequency of periodontal disease. At the outset, it is important to highlight the choice of the clinical and radiographic criteria put forward by Gomes-Filho et al. 15 as the gold standard. These diagnostic criteria for periodontal disease use an association of periodontal bone reabsorption ( ‡3 mm) with three clinical descriptors for the disease: PD ( ‡4 mm), clinical AL ( ‡3 mm), and BOP (present). Furthermore, using these criteria, periodontitis was defined as present when ‡4 teeth presented all these descriptors in ‡1 site. Thus, this definition for the diagnosis of periodontal disease is rigorous, which is an essential precondition for studies on associations between periodontitis and systemic conditions or abnormalities.
Moreover, these proposed criteria were used in investigating associations in which periodontitis was considered to be the exposure factor 22 or the OM. 15 In these studies, 15, 22 the diagnostic value of specificity presented by these criteria was good, which is an essential precondition for reducing the rate of falsepositive diagnoses among participants in groups with periodontal disease.
Among the five sets of diagnostic criteria used for defining periodontal disease, which were extracted from studies on this topic, 13, 15, [20] [21] [22] OM2 (i.e., ‡1 vestibular site with clinical AL ‡3 mm) was present in practically all of the women evaluated. Thus, OM2 did not discriminate between case and control groups (with and without periodontal disease, respectively), and for this reason, no association measurement was obtained. In other words, the diagnostic criteria for periodontal disease used by Famili et al. 13 are overly sensitive and include many false positives with a diagnosis of periodontitis. This may have been the reason why these authors 13 were led to conclude in their study that there was little evidence for an association between periodontal disease and abnormalities of bone mineral density.
In evaluating OM4 (i.e., a minimum of four teeth with ‡1 site presenting PD ‡4 mm with clinical AL ‡3 mm at the same sites and BOP 22 ), it was observed that the final association measurement only presented statistical significance for the stratum of women whose education level was ‡4 years. This finding should be viewed with caution because the statistical analyses included subjects with fewer teeth, and the effects from socioeconomic status, such as education level, regularity of consultations with a dentist, or unknown factors that were not investigated in this study, may have had interactions with the small numbers of teeth. Furthermore, because the sample size was smaller than that calculated initially for the study, it is likely that the power of the study was a factor that influenced the final finding for this type of measurement. After controlling for the influence of other factors that could have modified the strength of the association for this stratum of education level, OM4 presented statistical significance. In the diagnostic evaluation, it was noted that OM4 presented very good specificity compared to the gold standard. However, in studies in which periodontal disease is the outcome, local factors may influence the diagnosis of periodontitis, such as the presence of calculi or excessive numbers of tooth restorations, among others. In such situations, complementary radiographs may assist in defining the effect. In the present study, panoramic radiographs that presented enlarged images were used. However, to neutralize the magnification factor of 25% in these radiographs, a ruler graduated in millimeters was incorporated in these images as a precaution. Furthermore, the radiographic criteria consisted of a minimum of four teeth with ‡1 site that presented bone loss ‡3 mm as measured from the cemento-enamel junction. Thus, the diagnosis was not based on only one or two sites with AL because such a situation could be related to local factors such as excessive restoration material or some other factor leading to retention of bacterial biofilm. OM5 corroborated the findings from a study 16 that used the same criteria for OMs.
On the other hand, OM3 (i.e., ‡2 sites with PD ‡5 mm and clinical AL ‡6 mm at the same sites) was the set of criteria that presented the greatest severity of periodontal disease. This resulted in a greater strength of association because it is easier to diagnose periodontal disease when the effects of periodontal disease are more severe. On the contrary, many women who presented mild to moderate severity of periodontal disease did not form part of the case group, which thus gave rise to possible distortions in the association measurements. The present results diverge from the results found in a study 21 that used these criteria for diagnosing periodontal disease because the authors of the study concluded that women who received estrogen supplementation presented diminished gingival inflammation and AL. The adjusted association measurement using the OM1 criteria (i.e., PD ‡4 mm measured at six sites on the index teeth #2, #3, #8, #14, #15, #18, #19, #24, #30, and #31) presented statistical significance. However, these diagnostic criteria came from a partial examination of the mouth by using only six of 10 index teeth, and they do not represent the individual's real condition. These criteria were designed to evaluate the need for periodontal treatment in populationbased studies. Their use is justified for evaluating periodontal care in large populations (i.e., in epidemiologic studies that serve as the basis for planning oral healthcare actions), and this partial examination has good indications for such purposes. The findings from this measurement corroborate those obtained by Inagaki et al. 20 With regard to the standardization of the exposure measurement, it is important to emphasize that all densitometry tests were performed at the same osteoporosis diagnostic service, with the same equipment and under technical quality control, with the aim of obtaining greater uniformity of results. Furthermore, in the analyses, the covariables of age and smoking habit were kept in the modeling as confounding factors, independent of the results from empirical analysis. This is indicative of the care taken in interpreting the findings, along with the use of education level as an interaction factor for OM4 and OM5.
For the findings presented here to be better interpreted, certain limitations on the data deserve to be discussed. Among these limitations were the small numbers of teeth presented by the individuals examined. In addition, the sample was small and, consequently, had a low power to detect the real effect of osteoporosis on periodontal conditions. For inclusion in this study, participants had to present a minimum of four teeth, which minimized the number of false-positive cases when further combined with the three clinical periodontal descriptors of PD, clinical attachment level, and gingival bleeding. Moreover, the Brazilian population is mostly characterized by significant tooth loss, which is the historical result from caries. Hence, setting a cutoff point for subject inclusion of a minimum of 20 teeth, for example, would have restricted the sample and implied difficulties of eligibility and, furthermore, the non-representativeness of the population.
Criteria of greater robustness for studies on the association between osteoporosis and periodontal disease should envisage the complete examination of all teeth, at all six sites, with simultaneous use of the greatest number of periodontal descriptors possible (clinical attachment level, PD, and BOP) to achieve the best possible characterization of the presence of periodontitis through periodontal support loss and the presence of inflammation. Such criteria should incorporate a minimum number of compromised teeth and at least a moderate level of severity. Once the present work is an epidemiologic study, and it would be difficult to use imaging resources for diagnoses, it is further suggested that, whenever possible, radiographs should be used to confirm the presence of bone reabsorption. In this manner, it would be easier to avoid the possibility of including individuals with a false-positive diagnosis of periodontal disease.
Lastly, from a methodologic point of view, the choice of diagnostic criteria partly reflects the internal validity of the study because the disease classification may introduce measurement errors and, thus, cause a bias in the association measurement, compromise the quality of measurements, and make it difficult to accumulate consensual knowledge around hypotheses that are put forward at the interface between medicine and dentistry.
CONCLUSIONS
According to the results from this investigation, epidemiologic measurements may be influenced by the outcome classification used (i.e., the diagnostic criteria for periodontal disease). In other words, it was observed that different findings can be obtained from association studies when different definitions for the factors involved are used. Thus, investigators need to carry out prior evaluations and tests on the diagnostic criteria that are to be used in their studies so that these criteria are sufficiently robust to avoid fragility in developing the method.
